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I.  Abstract 


Reactions  of  bls^trlchlorophosphazosulfone  and  of  the  dlaUtylaaldes 
of  trlchlorophosphazosulfurlc  acid  with  organo-metollic  conipounds  have 
been  con^leted  dxirlng  this  synthesis  period.  Fhenylmagnesiiun  bromide  and 
p-tolylmaenesium  broiaide  have  been  employed  as  typical  Qrignard  reagents  and 
O  have  been  caused  to  react  with  the  corresponding  chlorides,  leading  to 
eleven  new  completely  substituted  eojJ5>ound8  never  reported  before  In  the 
literature.  According  to  the  yields  in  \dilch  these  conipounds  were  obtained, 
substitutions  appear  to  be  more  facile  in  introducing  a  phenyl  radical 
than  in  the  case  of  ;g-tolyl  group, 
o 

The  compounds  have  been  characterized  in  terms  of  analysis,  melting 
point,  and  infra-red  spectrum.  Their  thermal  stabilities  at  200"C.  and 
250“C.  have  been  evaluated  also. 
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II.  Thermal  C?haracterletlc8  of  Blg-trlarylPhoflTahazoeulfones 
and  of  N,N»Dlalkyl“trlaridphospfaa8osuIfoneB 

A.  Results  and  Dlocusslon 

The  thermal  stabilities  of  the  coatpounds  synthesized  during  this 
period  have  been  evaluated  according  to  the  method  described  in  on  early 
report  (1).  Thermal  stability  measurements  were  carried  out  by  heating 
in  an  inert  atmosphere  for  10  hours  at  SOO^C.  0.2-0. 5  g.  of  the  senile 
and  deteimining  the  loss  of  weight  after  that  period.  The  compounds  which 
gave  a  loss  of  weight  less  than  0.3  per  cent  at  that  ten^perature,  under¬ 
went  further  beating  at  250‘’C.,  for  the  same  length  of  time,  and  their  lose 
of  weight  was  redetermined.  Experimental  data,  in  terms  of  uncorrected 
ten^eraturesQand  of  increasing  weight  loss,  are  given  in  Table  I. 

Inasmuch  as  in  our  eai’ly  studies  on  K-substltuted  sulfamldes, 
promising  resiolts  in  respect  to  thermal  stability  could  not  be  achieved, 
we  have  attempted  the  synthesis  of  a  new  category  of  oompounds  in  which 
the  nitrogen  atoms  of  sulfemide  and  of  its  N-substituted  derivatives  are 
linked  to  phosphorus  atoms  and  the  study  of  their  behavior  towards  heat. 
Furthermore,  typical  aryl  radicals  such  as  phenyl  and  p-tolyl  groins,  have 
been  placed  on  the  phosphorus  atoms  by  reaction  with  Grlgnard  reagents. 

Data  from  Table  I,  show  clearly  that  at  least  at  2CX)"C.  almost  all 
the  compounds  can  be  considered  as  stable  thermally  since  the  loss  of 
weight  is  less  than  or  of  the  order  of  0.3  percent.  Raising  the  temperature, 
however,  gives  remarkably  increasing  weight  losses,  v*ich  means  that 
substantial  thermal  decomposition  takes  place  rapidly  at  250*C. 


III.  Reactions  of  Bls-trlchlorophosphazosulfone  and  of  the 
Dlalkylamides  of  Trlchlorophosphazosulfurlc  acid  with  Grignard  Reagents 


Study  of  the  previously  reported  (2)  ccmplete  replacement  of  the 
chlorine  atoms  in  bin-trlchlorophosphazosulfone  aid  in  the  dlalkylamides  of 
trichlorophosphazoBulfuric  acid  by  Orlgnard  reagents  has  been  continued 
during  this  synthesis  period.  Besides  phenylmagnesium  bromide,  ^-tolylmagneslum 
bromide  has  been  caused  to  react  with  the  starting  chlorides,  leading  to 
the  corresponding  arylated  derivatives.  According  to  our  data,  these 
nucleophilic  substitutions  are  not  at  all  facile.  In  order  to  obtain 
conqjletely  substituted  derivatives  reflujiing  up  to  12  hours  was  required 
and  even  so  the  yields  of  the  pure  compounds  were  rather  slow.  In  any 
instance,  yields  were  higher  with  phenylmagnesim  bromide  than  when  £- 
tolylmagnesium  bromide  was  employed. 

The  general  reaction  is  illustrated  by  the  following  equation: 

R 

\NSQaK=PCl3  +  3ArMgBr  ^KSQaN=P(Ar)g  +  3M8ClBr 

Vftiere:  R=R',_may  be  CH3,_C2H5,  C3H7,  C4H9,  and  CgHsO  (^fcm  morpholine) 
andAr  =  Cells  ,  ja-CHgCeH^  . 

*  St 
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»  The  following  ccmpounds  were  prepared  by  this  type  of  reaction; 

I.  Bls-trlphenylphosphasosulfone  * 

II.  N,  N-dlmethyl-t  riphenylphosphazo8rJ.f one 

III.  N , N-diethyl-t  riphenylphospMfezosulfone 

IV.  N,w-dlpropyl-tripheiiylphoapha2osulfone 

V .  N,  W-dltoutyl-trlphenylphoapbaaoBulf one 

VI .  N, N-morpholine -t riphenylphosphazos  xilf one 

VII.  Bis-tri-p-tolylphoaphazosulfone 

VIII.  N,N-dlniethyl-trl-p-tolylph08£^azoavilfone  ^ 

IX .  N ,  W-diethyl-tri-p-tolylphosphazosxJJTone 

X.  N,N-dipropyl“trl”p-tolylphospbazo6ulfone 

XI .  N,  ri-dJ.butyl-trl-£-tolylpho3pho20sulfone 

XII.  ^N-niorpholine-trl-p-tolylphospliazosiilfone 


B.  Physical  Pronertles 

All  the  coiqioundo  here  synthesized  are  white,  crystalline,  non- 
hygroscopic  materials  with  reasonably  high  melting  points.  They  are 
Insoluble  in  cold  and  boiling  water;  insoluble  in  ether,  petroleum  ether, 
and  n-heptane;  fairly  soluble  in  hot  ethanol,  ceirbon  tetrachloride,  and 
benzene;  soluble  In  acetone  and  chloroform.  Their  purification  is  best 
effected  by  several  recryot alii zat ions  from  ethanol. 

The  infra-red  spectra  of  chloroform  solution  and.KBr  pellets  show 
an  intense  absorption  in  the  llU0-ll‘^5  cm. region,  which  Is  associated 
vd.th  the  symmetrical  G-0  vibration  in  the  -SCfe-  grouping.  The  asymmetrical 
vibration,  which  usually  occur's  in  the  1320-1340  cm.  ^  region  disappears, 
while  a  new  strong  absorption  band  in  the  1270-13C0  cm. is  constantly  present. 
We  attribute  this  vibration  rathpr  t.hon  +«  the  pure  due  to  the 

0 

(  -S-MaP^  group.  The  reason  for  this  assumption  lies  in  the  fact  that 

In  all  our  spectra  the  peaJis  in  the  1300  can."^  region  are  not  well  resolved 
and  present  a  shoulder.  This  would  indicate  that  there  might  be  a 
coupling  between  the  -SO^-  asymmetric  stretch  and  the  pure  -NoP^  vibration, 
thus  giving  rise  to  the  strong  vibration  in  the  13C0  cm.  ^  region. 

C.  Experimental 

1.  n-tolvlmagneolum  Bromide.  Magnesium  tximlngs  {3*648  g. ,  0.15  mole), 
previously  treated  \ri.th  a  small  crj^stal  of  iodine,  were  placed  in  a  well- 
dried,  5C0-ml. ,  3"neched  flash,  equipped  jd.th  a  reflux  condenser,  with  a 
drying  tube  on  top,  and  a  dropping  funnel.  Gome  70  ml.  of  dry  ether  was 
placed  in  the  flask.  tJlille  the  mixture  was  stirred  magnetically,  p- 
bromotoluene  (25.65  g-,  0.I5  mole)  in  150  ml.  of  ether  was  added  drop- 
wise^  to  the  magnesium.  After  a  short  heating  to  overcome  the  period  of 
induction,  the  reaction  starts  and  proceeds  smoothly  until  all  the  megnesltm 
is  dissolved. 
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2.  lJ>li*dlethyl-trlphenylphosphazosulfone«  Fourteen  and  thirty-seven 

hunareths  grains  (0.0?  mole)  of  N,n-dlethyltrlchlorophosphszosulfone  In  50  ml. 
of  ether j  vas  slowly  added  to  sin  ether  solution  of  phenyl-magnesium  hro^de 
(27*19  0.15  mole)  at  room  temperature  over  a  period  of  2  hours.  After 

the  addition  was  completed,  the  mixture  vas  gently  refluxed  for  12  hours. 

The  reaction  mixture  vas  then  slowly  poured  Into  a  flask  containing  200  g* 

(Sf  crushed  Ice  and  50  ml.  of  12  M.  hydrochloric  acid*  The  solid  which  vas 
separated  was  extracted  with  benzene  and  the  organic  layer  dried  over 
calcium  chloride.  The  excess  of  benzene  was  driven  off  xinder  vacuum  and  the 
solid,  which  wae  obtained,  pxurlfled  by  recrystallization  from  ethanol.  The 
pure  compound  was  a  white,  crystalline  solid,  melting  at  127*0.  yield:  13»60  g. 
(66.0^  of  the  theoretical). 

Anal.  Calcd.  for  CaaHssNaOaPS;  C,  64.07;  H,  6.11;  N,  6.79* 

Found  :  C,  63. 90;  H,  6.17;  N,  6.89. 

3.  N,N-dimethyl-trlphenylphQsrha208ulfone.  Twelve  and  ninety-seven 
hundreths  grams  (0.0?  mole)  of  H,N-dlmethyitrichlorophoBpha20sulfone  in 
150  ml.  of  benzene  was  slowly  added,  with  stirring,  to  an  ether  solution 
of  phenylmagnesium  bromide  (27.19  g* ,  0.15  mole)  at  room  temperatiue. 

After  the  addition  of  the  chloride,  gentle  refroxlng  was  held  for  an 
additional  12  hours.  The  mixtui'e  was  then  decomposed  by  slowly  Pouring  it 
into  a  flask  containing  2C0  g.  of  crushed  ice  and  50  ml.  of  12  M.  hydrochloric 
acid.  The  solid  which  separated  was  ejAracted  with  benzene  and  the  organic 
layer  dried  over  calcium  chloride  the  e::cesa  of  benzene  was  distilled  under 
reduced  pressure  and  the  solid  which  ms  left  purified  by  recrystallization 
from  ethanol.  The  pua'e  compound  was  a  white,  crystalline  material,  ;d3lch 
melted  at  Ise-lsS^c.  Yield:  7.0  g.  ($6.8fJ  of  theory). 

Anal.  Calcd.  for  CaoHaiNaCaPS;  C,  62.49;  H,  5.50;  N,  7.28 

Found  :  C,  52.52;  JI,  5.35;  N,  7.l8 

4.  N,  N-dibutyl-triphenylphosphazosulfone .  Eight  and  six-tenths  grams 
(0.025  mole)  of  N,N-dibutyltrichlorophODphEzoBulfone  in  50  ml.  of  ether  was 
slowly  added  to  an  ether  solution  of  phenylmognenium  bromide  (13*59  g*/ 

0.075  mole)  at  room  temperature.  After  the  addition  was  completed,  the 
mixture  was  stirred  and  geigjtly  refluxed  for  12  hours.  The  reaction  mixture 
was  then  poured  Into  n  flask  containing  200  g,  of  crushed  ice  and  50  ml. 

of  12  M.  hydrochloric  acid.  The  solid  which  was  separated  was  extracted 
with  benzene  and  the  organic  layer  dried  over  calcium  chloride,  l^on 
distillation  of  the  excess  of  benzene,  a  solid  material  was  left.  It  was 
purified  by  recrystalllza'y.on  from  ethanol,  yielding  the  pure  ocn5>ound 
which  melted  at  149“C.  Yield;  6.0  g  (51.3;i  of  the  theoretical). 

Anal.  Calcd.  for  CsoHsallsOsPS:  C,  66.63;  II,  7.10;  N,  5*98 

Found;  C,  66.76;  11,  7.10;  N,  6,21 

o 

5.  M,N-dibutyl-trl-p-tolylphoBpliazosulfone.  Eight  and  six-tenths  grams 
(0.025  mole)  of  N,N-dibutyltrichlorophoophazosulfone  in  50  ml.  of  ether  was 
added  at  small  portions  to  a  well-stirred  solution  of  p-tolylmagnesiua 
bromide  (14,64  g. ,  0.075  mole)  at  rocia  temperature.  After  the  addition  of® 
the  chloride,  the  mixture  was  stirred  and  refluxed  for  12  hours.  The  reaction 
mixture  was  then  decongiosed.  by  pouring  it  into  a  flask  containing  200  g. 

OT  crushed  ice  and  50  ml.  of  12  JI  hydrogen  chloride.  The  solid  ^Ich 
separated,  was  extracted  with  benzene  and  the  organic  layer  dried  over  calcium 
chloride.  A.ter  the  removal  of  the  excess  of  solvent,  the  solid  material 
which  was  left  was  purified  by  reerystallization  from  ethanol.  The  pure 


coiapound  vas  a  \Mte,  crystalline  solid,  that  melted  at  155“C.  Yield:  6.0  g* 
(48,0/3  of  theory). 

Anal.  Calcd.  for  CgeHseNaOePS:  C,  68.21;  H,  7.70;  N,  5.40 

Found  :  C,  68.34;  H,  7.59;  N,  5-55 

6.  jl,  N-dlmethyl-t rl  "jB-tolylphosi^azosxilf one ,  Tvelve  and  ninety-seven 

huRdreths  grama  (0.05  mole)  of  W,N-dlaethyltrichloropho8phazosulfone  in 

150  ml.  of  henBene  wus  slowly  added  to  an  ether  solution  of  ^-tolyl  magnesium 
bromide  (29.29  g, ,  0-15  mole)  at  room  temperature  with  stirring.  After 
the  addition  was  corrroleted,  the  reaction  aixtmre  was  gently  refluxed  for 
12  hours.  The  mixture  was  then  slowly  poured  into  a  flask  containing  200  g. 
of  crushed  ice  and  50  ml.  of  12  _lj  hydrochloric  acid.  The  solid  idiich 
separated  was  extracted  with , benzene  and  the  benzene  layer  dried  over 
calcium  chloride.  The  excess  of  solvent  was  caioved  under  reduced  pressure, 
and  the  crude  product  \/hlch  was  left  was  pxu'ified  by  recrj'stallizatioa  from 
ethanol.  The  pure  compound  was  a  white,  crystalline  material  wliich  melted 
at  196*0.  Yield;  6.45  g.  (30.0;'3  of  the  theoretical). 

Anal.  Calcd,  for  CsaHarNsOarS:  C,  64.77;  II,  6.38;  U,  6.56 

Found  :  C,  64,68;  H,  6.43;  N;  8.26 

7.  Bls-tri-p-tolylphosphazoculfone.  Nine  and  sixteen-hundreths  grams 
( 0. 025  mole)  of  bls-trichlorophocphazosulfone  in  30  ml.  of  ether  was 
slowly  added  to  an  ether  solution  of  p-tolylmagnesium  bromide  (29.29  g. , 

0.15  mole)  at  room  temperature  over  a  period  of  2  hours.  After  the  addition 
ms  completed,  gentle  refluxing  was  continued  -for  an  additional  12  hours. 

The  mixture  was  then  cooled  and  slowly  poured  into  a  flask  containing  crushed 
if'e  and  50  ml.  of  12  H  poured  into  a  flask  containing  crushed  ice  and 

50  ml.  of  12  hydrochloric  acid  solution.  A  solid,  insoluble  in  water, 
separated.  It  was  extracted  with  benzene  and  the  benzene  layer  dried  over 
calcium  chloride.  After  the  removal  of  the  solvent,  the  solid  vrtilch  was  left 
was  purified  by  several  recrj'stallizations  frem  eth^ol.  The  pure  coa^iound 
melted  at  226*C.  Yield:  5-0  g.  (29.'^;3  of  theory). 

Anal.  Calcd.  for  CAaH^alleQePaS;  C,  72.02;  H,  6.04;  N,  4.00 
®  Found  ;  C,  71.79;  II,  6.10;  N,  3.94 

0.  M,IT-dipropyl-tri-p-tolylphospba20culfone.  Fifteen  and  seventy-el^t 
hundreths  grams  (0.05  mole)  of  N,N-dipropyltrlchlorophospha20Bulfone  in 
50  ml.  of  ether  were  slowly  added  to  an  ether  solution  of  p-tolylmagnesiian 
bromide  (29.29  g. ,  O.15  mole)  at  roan  temperature.  The  mixture  was  gently 
refliixed  and  stirred  ^'iso^ously  for  12  hours  after  the  addition  was 
completed.  The  crude  compound  was  then  obtained  by  pouring  the  reaction 
mixture  Into  a  flask  containing  200  g.  of  crushed  ice  and  50  ml.  of  12 
hydrochloric  acid.  Tlae  solid  which  separated  tob  extracted  with  benzene 
and  the  organic  layer  dried  over  calcium  chloride,  /liter  the  removal  of  the 
excess  of  benzene  by  distillation  under  vacuum,  the  solid  was  purified 
by  recrystallization  from  ethanol.  The  pure  confound  was  a  white,  crystalline 
material,  melting  at  175”C.  Yield;  9.6  g.  (4o.Oj3  of  theory). 

Anal.  Calcd.  for  CarHasWaPafS:  C,  67.19;  H,  7.31;  N,  5.00  , 

Found  ;  C,  66.99;  H,  7.30;  N,  5*93 


9*  UiU-inorphollne-tpi-£«tolylpho£^hazoBulfone.  Seven  and  five-tenths 

(b.025  mole)  of  N^U-moiiiholinetrichlorophosphazoBulfone  In  80  ml.  of 
hensene  were  added  at  small  portions  to  an  ether  solution  of  £-tolyl- 
magneslura  bromide  (14,64.  g. ,  0.075  mole)  at  room  teniperature  i/lth  wtlrrlng. 

The  mixture  was  then  gently  refluxed  for  12  hours  after  the  addition  was 
completed.  The  reaction  product  was  poured  Into  a  flash  containing  200  gr. 
of  crushed  ice  and  50  ml.  of  12  IJ.  hydrochloric  acid#  from  vdiich  a  solid 
“separated.  It  was  extracted  tJith  benzene  and  the  organic  l^er  dried  over 
calcium  chloride.  The  solid  vrtiich  was  left  after  removal  oi*tbe  solvent  was 
purified  by  recrystalllzation  from  ethanol#  and  the  pure  compound  tms  a 
white,  crystalline  material  melting  at  129*0.  Yield;  2.5  g.  (20.05’j  of  theory) 

Anal.  Calcd.  for  C22H£0N2O3TS;  C,  64. 09,  H,  6,24^  N,  5*9^ 

Found  :  C,  64.36;  H,  6.26;  N,  5.9I 

0 

D.  Discussion  .  ® 

Reactions  of  blc-tricl'.lorophosphazosulfone  and  of  the  dialhyl- 
amides  SOf  trlchlorophospiiasosulfuric  acid  with  phenylmagnesium  bromide  and 
p-tolylmegnesium  bromldo  have  been  sho^vn  to  yield  completely  substituted 
products  where  all  the  chlorine  atoms  ai'e  replaced  by  corresponding  aryl  groups 
However,  the  non-shaip  melting  points  of  the  crude  materials  and  the  fact 
that  they  can  bo  oOtalned  in  high  pm'lty  only  after  several  recrystallizations 
from  ethanol  lead  us  to  believe  that  these  nucleophilic  substitutions  are  not 
facile  and  that  partially  substituted  compounds  are  always  obtained  as  by¬ 
products.  This  would  account  also  of  the  low  yields  in  •vdiich  they  are  very 
often  obtained. 


IV.  Outline  of  Future  Work 

It  is  proposed  to  devote  our  time  to  the  synthesis  ofijthe  trlmer  of 
sulfanuric  chloride  and  consequently  to  accomplish  some  solvolytic  processes 
^Tith  that  interesting  material  as  scon  as  it  will  become  available  in  workable 
quantities.  For  this  purpose#  the  synthesis  of  sulfanuric  chloride  will  be 
attempted#  either  according  to  the  Kirsanov  procedvu'e,  i.e.,  by  thermal 
decomposition  of  trichlorophosphazoculfonyl  chloride,  or  by  the  Goebring 
procedure,  which  consists  in  tjie  deccmposltion  of  a  mixture  of  sulfuryl 
chloride  and  thionyl  chloride  with  gaseous  ammonia  at  low  temperatures. 

In  addition#  exchange  reactions  of  bls-trlchlorophosphazosulfone  by 
metathesis  with  sodium  fluoride  in  acetonitrile  or  nitrobenzene  as  solvents 
will  be  under  study.  In  all  Instances,  the  underlying  obejetive  will  be 
the  ijigirovement  of  thermal  stabilities  in  model  cor^pounds  for  polymer  synthesis 

V,  References 

1.  T.  Moeller  and  A.  Vaiidi;  Quarterly  Frogress  Report  No.  2, 

Contract  DA-II-022-2956#  Nov.  30,  1959* 

2.  T.  Moeller  and  A.  Vandi;  Quarterly  Progress  Report  No.  8# 

Contract  nA-ll-022-a956,  May  31,  196l.  * 


I 

I 


CO  CJ  CA 

»  5:? 

I  •  I 

VO  H  CO  ov  trv 

JO  3  fr  3  -3  c- 


s  s 


tA 


M 

S 

I 

m 

o 

N 

■ai 

s 

•s 


t: 

I 

■^1 

(0 


§ 

a 

g 

8 

C3 

cd 

*&! 

i 

(0 

TJ 

Y 

(/3 

•H 

© 

O 

»H 


&l 


0)  o 

"K?' 

U 

M  4> 

o  a 

ii 

•H 

^  o 
:sH 


—  rr\ 

O  ^  cO  VO 


CVl  H 

r<^  ^  03  CO*  H 


t-* 

<u 

od 


M 

«« 

CO 

tr\ 

VO 

CO 

l/N 

H 

o 

o 

o 

o 

H  -y 

_  ^  H 

rH 

CJ 

fA 

CVJ 

iA 

g 

11 

M| 

o  at 

4>  M 

O  O  • 
o 

• 

o 

• 

o 

• 

o 

• 

o 

d 

• 

rH 

oj 

• 

cu 

(O  CQ 


SiSi  Bl 


